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(57) Abstract 



The invention refers to a power transformer/reactor having a high voltage winding (2, 3) wound around a core (1). The 
transformer/reactor is a so-called dry type of transformer, i.e. air-cooled. According to the invention the high voltage winding is divided 
into a first section (2) and a second section (3) in series to each other. The winding is electrically connected (4, 5) to the core (1) between 
both these sections. 
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TRANSFORMER/REACTOR 

Technical field 

The present invention refers to a power transformer/reactor as defined in 

5 the preamble of Claim 1 . 

For all transmission and distribution of electric energy, transformers are 
used and their task is to allow exchange of electric energy between two or more 
electric systems having generally different voltage levels. Transformers are avail- 
able in all power ranges from the VA up to the 1000 MVA range. With respect to 

10 the voltage range, there is a spectrum up to the highest transmission voltages 
which are being used today. Electromagnetic induction is used for the transmis- 
sion of energy between the electric systems. 

Reactors are also an essential component for the transmission of electric 
energy, in for example phase compensation and filtering. 

1 5 The transformer/reactor relating to the present invention belongs to the 

so-called power transformers/reactors having rated outputs ranging from a few 
hundred kVA to in excess of 1000 MVA and rated voltages ranging from 3-4 kV up 
to very high transmission voltages in the rating of up to 800kV. 

20 Background art : 

— From a purely general point 6t view* the primary task of a power trans- 
former is to enable the exchange of electric energy, of mostly different voltages 
with the same frequency* between two or more electric systems. 

A conventional power transformer, of for example the type described on 

25 pages 2-53 in "Elkrafthandbokerf (Libers Fttrlag, ArlQv 1996), comprises a trans- 
former core, referred to below as core, made of laminated sheet preferably ori- 
ented sheet which is usually made of silicon steel. The core consists of a number 
of core legs connected by yokes. A number of windings, normally referred to as 
primary, secondary and regulating winding, are provided around the core legs. In 

30 power transformers these windings are practically always arranged in concentric 
configuration and distributed along the length of the core leg. 
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Other types of core constructions occasionally occur such as those of the 
so-called shell-type transformers or the toroidal-type transformers. Examples of 
the core constructions are described among other things in DE 40414. The core 
may consist of conventional magnetizable material such as said oriented sheet, or 
it may consist of other magnetizable material such as ferrites, amorphous mate- 
rial, wire strands or metal tape. As known, the magnetizable core is not necessary 

with respect to reactors. 

The aforementioned windings constitute one or several coils connected in 
series constructed of a number of turns connected in series. The turns of a single 
coil normally make up a geometrically continuous unit which is physically sepa- 
rated from the remaining coils. 

. ,, Ttie. insulation system, partly on the inside of a coil/winding and partly 
between coils/windings and other metal parts, is normally in the form of a solid 
cellulose or a varnish based insulation which is closest to the separate conducting 
means, and the insulation system on the outside is in the form of a solid cellulose 
and a fluid insulation, possibly also a gas insulation. Windings having an insulation 
and possible bulky parts correspondingly represent large volumes that will be 
subjected to high electric field strengths occurring in and around the active electro- 
magnetic parts belonging to the transformer. A detailed knowledge of the proper- 
ties of the insulation materials is required in order to predetermine the dielectric 
field strengths which arise and in order to attain a dimensioning such that there is 
a minimal risk of electric breakdown. Furthermore, it is essential to achieve a sur- 
rounding environment which does not change or lead to deterioration of the insu- 
lation properties. 

- Today's predominant outer insulation system for conventional high voltage 
power transformers/reactors consists of cellulose material as the solid insulation 
and transformer oil as the fluid insulation. Transformer oil is based on so-called 
mineral oil. 

Additionally, conventional insulation systems of the aforementioned trans- 
formers are relatively complicated to construct and special measures need to be 
taken during manufacture in order to utilise the good insulation prop rties of the 
insulation system. 
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Power transformers for the lower part of the aforementioned power ranges 
are at times designed having air-cooling in order to remove the inevitable losses in 
the form of heat. Most power transformers are however oil-cooled and then as a 
rule by means of so-called forced oil-cooling. This applies especially to high power 

5 transformers. Oil-cooled transformers present a number of well known disadvan- 
tages. They are among other things large, clumsy and heavy contributing espe : 
cially to great transport problems and extensive requirements need also to be met 
with respect to security and auxiliary equipment. 

However, it is apparent that replacing oil-cooled power transformers with 

10 dry transformers of a new type is possible to a great extent. This new dry trans- 
former is provided with a winding which is designed as a high voltage cable i.e. a 
high voltage insulated electric conductor. Dry transformers may thus be used at 
considerably higher powers than what was previously possible. The designation 
dry transformer and reactor respectively relates thus to a transformer/reactor 

15 which is preferably air-cooled and not oil-cooled. 

With regard 1 to rea a core which is provided with only 

one winding and possible regulating windings. In other respects, the aforemen- 
tioned regarding transformers is substantially relevant to reactors. It is should be 
particularly noted that even large reactors are oil-cooled. 

20 The insulation around the windings of a dry transformer in the higher 

power ranges requires great deal of space and is costly in order to maintain a 
satisfactory insulation against the core. This in turn has the effect of enlarging 
both The length of the windings as well as the dimension of the core are in turn 
large in order to create room for the necessary number of winding turns. 

25 The present invention is directed towards this aspect and the aim to try to 

reduce theithickness of the insulation of the windings and at the same time retain- 
ing enough insulation against the core. 

Summary of the invention 
30 This aim in accordance with the invention is achieved by means of a 

transformer/reactor of the type described in the preamble of Claim 1 and by the 
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characteristic features of the transformer/reactor being defined in the characteriz- 
ing part of the Claim, 

Due to the high voltage winding being electrically connected to the core at 
one point along the length of the winding, the obtains the corresponding potential 
in relation to earth. The maximal voltage, occurring between the conductors in the 
winding and the core, is thereby re duced. In a power transformer/reactor no t hav- 

the winding and the core equals the supply voltage U, whereas the rated voltage 
of the embodiment according to the invention rests at the interval Umax>U/2 
where the value of Umax depends on where on the winding the contact to the 
core is established. This means that the insulation required around the conductor 
decreases to a corresponding degree. A power transformer/reactor according to 
the present invention may thereby be designed with less insulation around the 
conductors of the winding. The cost for the winding is thereby reduced. The di- 
ameter of the winding is consequently less resulting also in the winding length de- 
creaslng-since the diameter of the winding turn on the outside decreases due to 
the turn oVthe inside taking less space. The dimensions of the core also decrease 
since leaner dimensions of the winding result in more space in the window so that 
the window may be made correspondingly smaller. This leads all in all to a sub- 
stantial reduction in costs compared to a conventional power transformer/reactor 
of the same rated power in addition to the transformer/reactor becoming far 
smaller. 

The invention is primarily intended to be used for high powers, in the 
range of 120 MVA and more. At such powers it is preferable to use a high voltage 
cable in the windings, which cable facilitates attaining a power level in also a dry 
transformer. 

The high voltage cable comprises one or several conductors which are 
surrounded by solid insulation consisting of at least two semiconducting layers 
with solid insulation between the layers. 

-^■According to a preferred embodiment of the invention the connection be- 
tween rtM n&HUW* in me Ending and the core is made at the centre of the wind- 
«ng, i. e. so that the sections of the winding on ach side of the connection have 



WO 99/17311 



PCT/SE98/01744 



the same amount of winding turns. This implies an optimal exploitation of the in- 
vention concept since the rated voltage between the conductor and the core will 
then rest at the lower limit of the interval referred to above, L e. U/2. By means of 
this embodiment, the greatest possibility of reducing the thickness of the insulation 
5 layer around the conductor in the winding is achieved. Another advantage of this 
embodiment is that the potential of the core will be constant = U/2. 

The core, according to a preferred embodiment, is supported by support- 
ing insulators which insulate the core against earth since the core of a power 
transformer/reactor according to the invention will have a potential against earth. 
10 At least the outer semiconducting layer should form an equipotential sur- 

face, most suitably with a potential corresponding to the potential of the core, i. e. 
half , of the supply voltage. 

The low voltage winding in transformer applications is according to a pre- 
ferred embodiment also electrically connected to the core at a point which is pref- 
1 5 erably at the centre of the core. 

The greatest advantage thereby is gained in a transformer where the volt- 
age ratio is 2:1 , preferably for example 400 kV to 200 kV or in a so-called auto- 
transformer an economy type transformer where the centre tap is connected to the 
core. An insulating layer in voltage ratios other than 2:1 is preferably applied be- 
20 tween the core and the low voltage winding in order to insulate this layer against 
. the core; vc - 

-The fransforrtier/reactor is primarily adapted to single-phase application. 
The aforementioned and other preferred embodiments of the invented 
power transformer/reactor are specified in the dependent claims referring to Claim 
25 1. ■:■ — - • : — ■ • 

Thie insulated conductor or cable used in the present invention is flexible 
and of a kind which is described in more detail in WO 97/45919 and WO 97/45847. 
Additional descriptions of the insulated conductor or cable concerned can be found 
in WO 97/45918, WO 97/45930 and WO 97/45931. 
30 Accordingly, the windings, in the arrangement according to the invention, 

are preferably of a typ>e corresponding to cables having solid, extruded insulation, 
of a typ now us d for power distribution, such as XLPE-cabl s or cables with 
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EPR-insulation. Such a cable comprises an inner conductor composed of one or 
more strand parts, an inner semiconducting layer surrounding the conductor, a 
solid insulating layer surrounding this and an outer semiconducting layer surround- 
ing the insulating layer. Such cables are flexible, which is an important property in 
5 this context since the technology for the arrangement according to the invention is 
based primarily on winding systems in which the winding is formed from cable . 

sponds to a radius of curvature of approximately 20 cm for a cable with a diameter 
of 30 mm, and a radius of curvature of approximately 65 cm for a cable with a di- 

10 ameter of 80 mm. In the present application the term "flexible 11 is used to indicate 
that the winding is flexible down to a radius of curvature in the order of four times 
the cable diameter, preferably eight to twelve times the cable diameter. 

The winding should be constructed to retain its properties even when it is 
bent and when it is subjected to thermal or mechanical stress during operation. It 

15 is vital that the layers retain their adhesion to each other in this context. The ma- 
terial properties of tfe feydrs are decisive here, particularly their elasticity and 
relative coefficients of thermal expansion. In an XLPE-cable, for instance, the in- 
sulating layer consists of cross-linked, low-density polyethylene, and the semicon- 
ducting layers consist of polyethylene with soot and metal particles mixed in. 

20 Changes in volume as a result of temperature fluctuations are completely ab- 
sorbed as changes in radius in the cable and, thanks to the comparatively slight 
difference between the coefficients of thermal expansion in the layers in relation to 
the elasticity of these materials, the radial expansion can take place without the 
adhesion between the layers being lost 

25 T The material combinations stated above should be considered only as ex- 

amples. Other corhbiriations fulfilling the conditions specified and also the condi- 
tion of being semiconducting, i.e. having resistivity within the range of 10~ 1 -10 6 
ohm-cm, e.g. 1-500 ohm-cm, or 10-200 ohm-cm, naturally also fall within the 
scope of the invention. v 

30 T ^ insulating layer may consist, for xample, of a solid th rmoplastic 

material such as low-density polyethylene (LDPE), high-density polyethylene 
(HDPE), polypropylene (PP), polybutylene (PB), polymethyl pentene (TPX"), 
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cross-linked materials such as cross-linked polyethylene (XLPE). or rubber such 
as ethylene propylene rubber (EPR) or silicon rubber. 

The inner and outer semiconducting layers may be of the same basic 
material but with particles of conducting material such as soot or metal powder 
5 mixed in. 

The mechanical properties of these materials, particularly their coefficients 
of thermal expansion, are affected relatively little by whether soot or metal powder 
is mixed in or not - at least in the proportions required to achieve the conductivity 
necessary according to the invention. The insulating layer and the semiconducting 
10 layers thus have substantially the same coefficients of thermal expansion. 

Ethyiene-vinyl-acetate copolymers/nitrile rubber (EVA/NBR), butyl graft 
polyethylene, ethylene-butyl-acrylate copolymers (EBA) and ethylene-ethyl-acry- 
late copolymers (EEA) may also constitute suitable polymers for the semiconduct- 
ing layers. 

15 Even when different types of material are used as base in the various lay- 

ers? 1 H : is desirable for their coefficients of thermal expansion to be substantially the 
same. This-is the case : with the combination of the materials listed above. 

The materials listed above have relatively good elasticity, with an E-mo- 
dulus of E<500 MPa, preferably <200 MPa. The elasticity is sufficient for any mi- 

20 nor differences between the coefficients of thermal expansion for the materials in 
thelayers to be absorbed in the radial direction of the elasticity so that no cracks 
appear, or any other damage, and so that the layers are not released from each 
other. The material in the layers is elastic, and the adhesion between the layers is 
at least of the same magnitude as in the weakest of the materials. 

25 The conductivity of the two semiconducting layers is sufficient to substan- 

tially equalize the potential along each layer. The conductivity of the outer semi- 
conducting layer is sufficiently high to enclose the electrical field within the cable, 
but sufficiently low not to give rise to significant losses due to currents induced in 
the longitudinal direction of the layer. 

30 r r h Thus; each of the two semiconducting layers essentially constitutes one 
equipotential surfac ; and these layers will substantially enclose th el ctrical field 
between them. • ' 
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There is. of course, nothing to prevent one or more additional semicon- 
ducting layers being arranged in the insulating layer. 

The invention will now be described in detail in the following description of 
a preferred embodiment with reference to the accompanying drawings. 

Brief de scription of the drawing s 

Figure d is an end-view showing the principle of a transformer according to 
the invention. 

Figure 2 is a side view showing the principle of the transformer of Figure 1 
Figure 3 is a cross-section of a high voltage cable being used in the trans- 
former of Figure 1 . 

Figure 4 , shows the principle of a transformer according to an alternative em- 
bodiment of the invention. 

Detailed description of the preferred emhnrtim e n t of the inv»ntinn 

The power transformer shown in Figure 1 has a toroidal type of core 1 . 
Other types of cores are naturally feasible within the frame of the concept of the 
invention; The core, irrespective of its construction, is of a conventional type and 
may be constructed in the prevalent way and therefore a further description is 
possibly required The transformer is a dry transformer, i. e. a transformer not 
having an oil based cooling system. 

A high voltage winding and a low voltage winding are provided around the 
core whereby for clarity sake only the high voltage winding is shown. The high 
yotege^naitiQ^^^hfy fom the main winding of the transformer. The 
transformer is supplied with the voltage U on the high voltage side and operates in 
the power range of 120 MVA and more. The high voltage winding is divided into a 
first 2 section and a second* sectioned the conductor of the winding where the 
two sections meet is electrically connected to the core 1 at the contacts 4, 5. Each 
section 2. 3, has the same amount of winding turns so that the contact points to 
the core divide the winding in two. The core 2 will then obtain a potential to earth 
which is equal to half the supply voltage, i. e. U/2. The potential to earth will in 
principle rest constantly at this value. The voltage difference between the conduc- 
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tors in the winding and the core will thereby increase to maximally U-U/2 =U/2. 
The voltage difference decreases thereafter towards the contact points where the 
difference is equal to zero. 

High demands are placed on the insulation of the windings since the 
5 transformer operates at high voltage and with high power. The insulation need is 
considerably reduced by means of the invention, but the voltage levels are never- 
theless relatively high. The winding is designed as a high voltage cable of the type 
shown in Figure 3 in order to meet these requirements. 

The core is supported by supporting insulators 6 such as shown in Figure 
10 2 in order to insulate the core against earth 7. 

Figure 3 shows a cross-sectional view of a high voltage cable 2, 3 accord- 
ing to the. present invention. The high voltage cable 2, 3 comprises a plurality of 
strands 31, having a circular cross-section, of for example copper (Cu). These 
strands 31 are arranged in the centre of the high voltage cable 2,3. Around the 
1 5 strands 31 there is arranged a first semiconducting layer 32. Around the first 
semiconducting layer 32 there is arranged an insulation layer 33, of for example 
XLPE insulation. Around the insulation layer 33 there is arranged a second semi- 
conducting layer 34. Each semiconducting layer 32, 34 forms an equipotential 
surface when the cable is arranged in the transformer in operation. Both semicon- 
20 ducting layers 32, 34 have primarily the same coefficient of thermal expansion as 
the insulation layer 33. vJ - 

In Figure 3, showing the detail relating to the insulated conductor or ca- 
ble, the three layers are arranged to adhere to each other even when the cable is 
bent The cable shown is flexible, and this property of the cable is maintained 
25 during the entire life of the cable. 

Figure 4 shows schematically how an insulating layer 10 is arranged be- 
tween the low voltage winding 8, 9 and the core 1 in a transformer according to an 
alternative embodiment of the invention. 
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CLAIMS 



1 . A dry power transformer/reactor having a high voltage winding (2, 3) 
wound around a core (1) characterized in that the high voltage winding (2, 3) is 

5 divided into a first (2) section and a second (3) section, which sections are in se- 
ries to each other and electrically connected (4, 5) to the core (1) between the first 
(2) and the second (3) section, the high voltage winding (2,-3) being formed of a 
high voltage cable, comprising one or several current-carrying conductors (31) 
and a solid insulation system comprising at least two semiconducting layers (32, 
10 34), between which layers (32, 34) there is arranged solid insulation (33). 

2. A power transformer/reactor according to claim 1, where the first (2) sec- 
tion and the second (3) section have primarily the same amount of winding turns. 

15 3. A power transformer/reactor according to claim 1 or claim 2, where insula- 
tion means (6) are arranged to support the core (1) and means (6) are arranged to 
insulate the core against earth (7). 

4. A power transformer/reactor according to any one of claims 1-3, where the 
20 outer semiconducting layer (34) substantially forms an equipotential surface. 

5. A power transformer/reactor according to claim 4, where said equipotential 
surface has a potential to earth corresponding to half of the voltage of the high 
voltage winding. 

25 

6. A power transformer/reactor according to any one of claims 1-5, where at 
least one of the semiconducting layers (32, 34) has primarily the same coefficient 
of thermal expansion as the solid insulation (33). 



30 



7. A power transformer/reactor according to any one of claims 1-6, where 
the conductor area of the cable is between 50 mm 2 and 3000 mm 2 and where the 
outer diameter is between 20 mm and 250 mm. 
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8. l : An i power ttansformer/reactor according to any one of claims 1-7, cha- 
racterized in that said layers (32, 33, 34) are arranged to adhere to one another 
even when the cable is bent. 

5 

9. A power transformer/reactor according to any one of claims 1-8, where the 
power transformer/reactor is arranged for a rated power of at least 120 MVA and a 
voltage of at least 3 kV. 

10 10. A power transformer according to any one of claims 1 -9 which also com- 
prises a low voltage winding wound around the core (1) whereby the low voltage 
winding is also divided into a first section and a second section which are in series 
with each other and where the low voltage winding is electrically connected to the 
core between the first section and the second section. 

15 

1 1 . A power transformer according to claim 10, where the first section and the 
second section of the low voltage winding have primarily the same amount of 
winding turns; 

20 12. A power transformer according to claims 1-8 or claim 10 or 1 1 , where the 
voltage ratio is substantially 2:1. 

13. A power transformer according to any one of claims 1-12, where the trans- 
former is designed as a balancing transformer. 

25 

14. A power transformer according to any one of claims 1-13, where an insu- 
lating layer is arranged between the low voltage winding and the core. 



THIS PAGE BLANK (uspto) 



WO 99/17311 



PCT/SE98/01744 



1/2 





ft 



THIS PAGE BLANK (uspto) 



WO 99/17311 



PCT/SE98/01744 




SUBSTITUTE SHEET (RULE 26) 



THIS PAGE BLANK (uspto) 



